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Amendments to the Claims 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims: 

1. (currently amended) In a disk drive that includes A driv e r having a current control 
devic e for a a head, a disk, a microprocessor, a driver and a v oice coil moto r, wherein the head 
reads from and writes to the disk, the microprocessor provides a command current to the driver, 
the driver provides a coil current to the voice coil motor in response to the command current, the 

5 voice coil motor radially positions the head relative to the disk in response to the coil current, 
and the coil current flows through a coil in the voice coil moto r in a disk driv e, the driver 
comprising: 

a sensor that provides a sense current by sensing to s e ns e the arcoil current in said voic e 
coil motor ; 

10 a comparator that provides transconductano e amplifi e r to d e t e ct an error current by 

determining a difference between b v comparing the command said coil current and thea sense 

command current;-and 

a n integrator that provides an integrated error current bv integrating the compensator to 

int e grat e said error current : and 
15 an amplifier that provides the coil current bv amplifying the integrated error current4 nte 

said coil curr e nt . 

2. (currently amended) The driver of claim 1, wherein the sensor includes a sense resistor 
that provides a sense voltage in response to the coil current and a transconductance amplifier that 

4 


provides the sense current in response to the sense voltage furth e r comprising a force couple 
created by said curr e nt in said voico coil motor wh e r e in a first coil motor and a s e cond coil motor 
5 of th e voice coil motor are oppositely polariz e d to induc e magn e tic fi e lds in opposite dir e ctions . 

3. (currently amended) The driver of claim 1, wherein the coil includes first and second 
coils and a center tap, the amplifier includes first and second amplifiers, the first amplifier is 
coupled to the first coil the second amplifier is coupled to the second coil and the first and 
second coils are coupled to one another at the center tap furth e r comprising a curr e nt s e ns e 

5 amplifi e r coupl e d to said transconduotanc e amplifi e r to amplify a voltage across said s e nsor . 

4. (currently amended) The driver of claim 3, wherein the first and second coils are 
coupled in series between the first and second amplifiers ! , wh e r e in said voic e coil motor 
includ e s a first coil motor and a s e cond coil motor that ar e e n e rgiz e d to r e tract a head position e r . 

5. (currently amended) The driver of claim 4, wherein the first amplifier is coupled to the 
second coil and the center tap through the first coil and the second amplifier is coupled to the 
first coil and the center tap through the second coil said first coil motor and said second coil 
motor are coupled in s e ri e s such that said coil curr e nt flows through both coil motors . 

6. (currently amended) The driver of claim 1, wherein the integrator said comp e nsator 
includes a capacitor. 


5 


7. (currently amended) The driver of claim 6, wherein the capacitor is coupled to a node 
between the comparator and the amplifie r said componGator includ e s a r e sistor . 

8. (currently amended) The driver of claim 7. wherein a resistor is coupled to the node by 
the capacitor, and the resistor provides a phase shift in the integrated error current that cancels a 
phase shift due to the voice coil moto r l, furth e r comprising a driver amplifi e r to supply said coil 
curr e nt, said driver amplifi e r coupl e d to said comp e n s ator . 

9. (currently amended) The driver of claim 1, wherein the microprocessor sends a digital 
command to a digital-to-analog converter, the digital-to-analog converter provides an analog 
command in response to the digital command and the analog command provides the command 
current said s e nsor includ e s a sense r e sistor . 

10. (currently amended) The driver of claim 1, wherein the microprocessor provides the 
command current in response to a host compute r said command current is r e c e iv e d at said driv e r 
from a microcontroll e r . 

11. (currently amended) The driver of claim 1, wherein the microprocessor provides the 
command current in response to a servo operatio n furth e r comprising said compensator coupl e d 
to said transconduotano e amplifi e r, said comp e nsator including a capacitor . 

12. (currently amended) The driver of claim 1, wherein the microprocessor provides the 
command current in response to a track following operation said transconduotano e amplifi e r 
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includ e s a first input and a s e cond input, such that said coil current is coupled to tho first input of 
th e transconductano e amplifi e r, and said command curr e nt is coupl e d to the second input of th e 
5 transconductanco amplifi e r, wher e in the transconductano e amplifi e r d e tects said error curr e nt by 
determining tho diff e r e nc e b e twe e n tho coil curr e nt and th e command curr e nt . 

13. (currently amended) The driver of claim 1, wherein the microprocessor provides the 
command current in response to a retract operatio n l 1, wh e r e in said compensator is coupl e d to a 
gain buff e r . 

14. (currently amended) A method for controlling tracking a disk using a voice coil motor 
in the disk driv e couplod to a driv e r , wherein the disk drive includes a head, a disk and the voice 
coil motor, the head reads from and writes to the disk, the voice coil motor radially positions the 
head relative to the disk in response to a coil current, and the coil current flows through a coil in 

5 the voice coil motor, the method comprising: 

providing a command current that controls the voice coil motor; 
sensing the arcoil current to provide a sense curren t in said voic e coil motor ; 
comparing the command current and the sense current to provide d e t e rmining an error 
curren t as a difference between the command current and the sense current by comparing said 
10 coil curr e nt and a command curr e nt using a transconductanc e amplifi e r ;-and 

integrating the said-error current to provide an integrated error current into said coil 
eufpen t; and then 

amplifying the integrated error current to provide the coil current . 
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15. (currently amended) The method of claim 14, including providing the command 
current in response to a track following operation furth e r comprising amplifying said coil curr e nt . 

16. (currently amended) The method of claim 14, including sensing the coil current to 
provide a sense voltage and converting the sense voltage into the sense curren t furthor comprising 
rec e iving s aid command curr e nt at said driv e r . 

17. (currently amended) The method of claim 14, including integrating the error current 
using a capacito r furth e r comprising inducing a magnetic fi e ld in said voic e coil motor . 

18. (currently amended) The method of claim 14, including amplifying the integrated 
error current using a class AB amplifie r wh e r e in said s e nsing st e p includes s e nsing a voltag e and 
d e t e rmining said coil curr e nt from said voltag e. 

19-20. (cancelled) 

21. (currently amended) The method of claim 14, including amplifying the integrated 
error current using first and second amplifiers coupled to first and second coils in the voice coil 
moto r wh e rein said det e rmining st e p includ e s comparing said coil curr e nt and said command 
curr e nt at said transconductanc e amplifi e r . 
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22. (currently amended) The method of claim 14, ferfee^including phase shifting 
rnmpnnr . ntiTig for r . nid e rror current hy delaying said int e grating the integrated error current using 
a resistors tep. 

23. (currently amended) In a disk drive that includes a head, a disk, a microprocessor, a 
driver and a voice coil motor, wherein the head reads from and writes to the disk, the 
microprocessor provides a command current to the driver, the driver provides a coil current to 
the voice coil motor in response to the command current, the voice coil motor radially positions 

5 the head relative to the disk in response to the coil current, and the coil current flows through a 
coil in the voice coil motor, the drive rA current control d e vic e for a voic e coil motor driv e r, said 
voic e coil motor driv e r coupl e d to a microproc e ssor to r e c e iv e commands sp e cifying a command 
curr e nt for a voic e coil motor, comprising: 

a sensor resistor that provides a sense voltage by sensing the coil current; 

! 

10 a transconductance amplifier that provides a sense current in response to the sense 

voltag e; 

a comparator that provides an error current by determining a difference between the 
command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current 
15 using a capacitor; and 

an amplifier that provides the coil current by amplifying the integrated error currenta n 
amplifi e r to driv e said voico coil motor with a coil curr e nt; and 
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a comp e nsator circuit to int e grate an e rror curr e nt with said command curr e nt to g e n e rat e 

said coil curr e nt, wh e r e in said e rror curr e nt is detected by comparing said command curr e nt and 
20 said coil curr e nt s e ns e d with a sensor coupled b e tw e en said amplifier and said voice coil motor . 

24. (currently amended) The driver current control d e vic e of claim 23, wherein the coil 
includes first and second coils and a center tap, the amplifier includes first and second amplifiers, 
the first amplifier is coupled to the first coil the second amplifier is coupled to the second coil 
and the first and second coils are coupled to one another at the center tap furthor comprising a 

5 transconductanc e amplifi e r to d e t e ct and calculat e said error current by comparing said command 
current and said coil curr e nt . 

25. (currently amended) The driver current control d e vic e of claim 24, wherein the first 
and second coils are coupled in series between the first and second amplifiers 23, wh e r e in said 
error curr e nt corr e lates to a voltag e across said s e nsor . 

26. (currently amended) The driver current control d e vic e of claim 25, wherein the first 
amplifier is coupled to the second coil and the center tap through the first coil, and the second 
amplifier is coupled to the first coil and the center tap through the second coi! 23, wher e in said 
sensor is a r e sistor . 

27. (currently amended) The driver current control device of claim 26, wherein the first 
amplifier is coupled to the first coil by a first terminal, the second amplifier is coupled to the 
second coil bv a second terminal and the driver is coupled to the center tap bv a third terminal^ 
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further comprising a curr e nt se ns e amplifier couplod b e tw e en said sonsor and said comp e nsator 
5 to amplify a voltag e across said s e nsor . 

28. (currently amended) The driver current control d e vic e of claim 27. wherein an 
interface between the driver and the voice coil motor consists of the first, second and third 
terminals 23, wherein said amplifi e r is coupl e d to a s e t of transistors to provide said coil curr e nt . 


29. (currently amended) In a disk drive that includes a head, a disk, a microprocessor, a 
driver and a voice coil motor, wherein the head reads from and writes to the disk, the 
microprocessor provides a command current to the driver, the driver provides a coil current to 
the voice coil motor in response to the command current, the voice coil motor radially positions 
5 the head relative to the disk in response to the coil current, the coil current flows through a coil in 
the voice coil motor, the coil includes first and second coils and a center tap, and the first and 
second coils are coupled to one another at the center tap, the driver comprising: 

a sensor that provides a sense current by sensing the coil current; 

a comparator that provides an error current by determining a difference between the 
10 command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current; and 

an amplifier that provides the coil current by amplifying the integrated error current, 
wherein the amplifier includes first and second amplifiers, the first amplifier is coupled to the 
first coil by a first terminal, the second amplifier is coupled to the second coil by a second 
15 terminal, the first amplifier is coupled to the second coil and the center tap through the first coil 
the second amplifier is coupled to the first coil and the center tap through the second coil, the 
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driver is coupled to the center tap bv a third terminal and an interface between the driver and the 
voice coil motor consists of the first, second and third terminals A driv e r having a curr e nt control 
devic e for a voice coil motor, comprising: 

20 an amplifier to driv e said voic e coil motor with a coil current, said coil current flows 

from on e terminal of said voice coil motor to another t e rminal, wher e in both terminals ar e 
coupl e d to said driv e r; 

a s e nsor to s e ns e said coil current in said voic e coil motor, wherein said s e nsor is coupl e d 

between said amplifi e r and said voico coil motor; 

25 a current sens e amplifi e r to amplify a voltag e across said s e nsor, wh e r e in said voltag e 

correlat e s to said coil curr e nt; 

a transconductanc e amplifi e r coupl e d to said curr e nt s e ns e amplifi e r to receiv e said 

voltag e and a command curr e nt, wh e r e in said transconduotanc e amplifier calculat e s an e rror 
curr e nt by comparing th e s e ns e curr e nt with th e command curr e nt; 

30 an integrator coupl e d to said transconductanc e amplifier to int e grat e said e rror curr e nt 

into said command current to d e t e rmin e said coil curr e nt . 

30. (currently amended) In a disk drive that includes a head, a disk, a microprocessor, a 
driver and a voice coil motor, wherein the head reads from and writes to the disk, the 
microprocessor provides a command current to the driver, the driver provides a coil current to 
the voice coil motor in response to the command current, the voice coil motor radially positions 
5 the head relative to the disk in response to the coil current, the coil current flows through a coil in 
the voice coil motor, the coil includes first and second coils and a center tap, and the first and 
second coils are coupled to one another at the center tap, the driver comprising: 
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a sensor that provides a sense current by sensing the coil current; 

a comparator that provides an error current bv determining a difference between the 
command current and the sense current; 

an integrator that provides an integrated error current bv integrating the error current; 

first and second amplifiers that provide the coil current bv amplifying the integrated error 
current, wherein the first amplifier is coupled to the first coil the second amplifier is coupled to 
the second coil the first amplifier is coupled to the second coil and the center tap through the 
first coil, and the second amplifier is coupled to the first coil and the center tap through the 
second coil; and 

first and second transistors coupled to the center tap and coupled to the first and second 
coils through the center tap A driv e r having a curr e nt controll e r for a voic e coil motor in a s ee k 
mod e , comprising: 

a set of transistors coupl e d to said voic e coil motor by a center tap, said s e t of transistors 

to supply a coil current having a wav e form to said c e nt e r tap; 
a current sens e amplifi e r to det e ct said coil curr e nt; 

a comparator to shap e a command curr e nt wav e form to said coil curr e nt wav e form; and 

a bipolar switch control to r e ceive said command curr e nt wav e form and to saturat e said 

sot of transistors . 


31. (currently amended) The driver of claim 30, wherei n the first and second amplifiers 
send the coil current through the first and second coils in series, the first and second transistors 
are turned off and the center tap floats in response to a track following operation- i 
motor includ e s a first coil motor and a second coil motor coupled to said cent e r tap . 
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32. (currently amended) The driver of claim 31, wherein the first and second amplifiers 
operate as a class AB amplifier in response to the track following operation said first coil has a 
first current and said second coil motor has a s e cond curr e nt . 

33. (currently amended) The driver of claim 30, wherein the first transistor sends the coil 
current through the center tap in a first direction, sends a first portion of the coil current through 
the first coil and sends a second portion of the coil current through the second coil, and the first 
and second amplifiers and the second transistor are turned off in response to a first seek 
operation that moves the head across the disk in a first radial directio n 32, wher e in said coil 
curr e nt is the sum of said first curr e nt and said s e cond curr e nt . 

34. (currently amended) The driver of claim 33, wherein the second transistor sends the 
coil current through the center tap in a second direction opposite the first direction, sends a first 
portion of the coil current through the first coil and sends a second portion of the coil current 
through the second coil, and the first and second amplifiers and the first transistor are turned off 
in response to a second seek operation that moves the head across the disk in a second radial 
direction opposite the first radial direction 30, wh e n said s e t of transistors includ e s a first 
transistor and a s e cond transistor . 

35. (currently amended) The driver of claim 34, wherein the coil current is independent 
of the integrated error current during the first and second seek operations 30, wh e r e in said s e t of 
transistors includ e s dynamic MOS transistors . 
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36. (currently amended) The driver of claim 35, wherein the first transistor sends the coil 
current through the center tap in the first direction, sends a first portion of the coil current 
through the first coil and sends a second portion of the coil current through the second coil the 
first and second amplifiers and the second transistor are turned off and the coil current is based 
on the integrated error current in response to a retract operation that moves the head across the 
disk in the first radial directio n 30, wherein said command curr e nt waveform has a duty cycl e 
such that said bipolar switch control is turn e d on and off according to said duty cycl e. 

37. (currently amended) The driver of claim 30, wherein the first amplifier is coupled to 
the first coil by a first terminal the second amplifier is coupled to the second coil by a second 
terminal, the first and second transistors are coupled to the center tap by a third terminal and an 
interface between the driver and the voice coil motor consists of the first, second and third 
terminals said command curr e nt is r e c e ived from a microcontroll e r . 

38. (currently amended) A method for controlling a voice coil motor in the disk drive, 
wherein the disk drive includes a head, a disk and the voice coil motor, the head reads from and 
writes to the disk, the voice coil motor radially positions the head relative to the disk in response 
to a coil current, the coil current flows through a coil in the voice coil motor, the coil includes 
first and second coils and a center tap, and the first and second coils are coupled to one another at 
the center tap, the method comprising: 

providing a command current that controls the voice coil motor; 
sensing the coil current to provide a sense current; 
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comparing the command current and the sense current to provide an error current as a 
10 difference between the command current and the sense current; 

integrating the error current to provide an integrated error current; then 
amplifying the integrated error current to provide the coil current; and 
sending the coil current through the first and second coils in series while the center tap 
floats A m e thod for controlling a voice coil motor acc e ssing a track on a magnetic disk with a 
15 driv e r, comprising: 

supplying a coil current to said voic e coil motor; 

amplifying said coil current; and 

shaping a command curr e nt wav e form according to said coil curr e nt . 

39. (currently amended) The method of claim 38, including sending the coil current 
through the first and second coils in series while the center tap floats using a class AB 
amplifie r furth e r comprising r e ceiving said command curr e nt wav e form at a bipolar switch 
control . 

40. (currently amended) The method of claim 38. including sending the coil current 
through the first and second coils in series while the center tap floats in response to a track 
following operatio n 39, furth e r comprising saturating a s e t of transistors coupling said bipolar 
switch with said voic e coil motor . 
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41. (currently amended) The method of claim 40, including sending the coil current 
through the center tap and through the first and second coils in parallel in response to a seek 
operation 4 0. further comprising turning said transistors on and off with said bipolar switch . 

42. (currently amended) The method of claim 41. including sending the coil current 
through the first and second coils in parallel such that about one-half the coil current flows 
through the first coil and about one-half the coil current flows through the second coil in 
response to the seek operatio n 38. wh e r e in said supplying st e p includ e s supplying said coil 

5 curr e nt to a c e nt e r tap coupling said voic e coil motor to said driv e r . 

43. (currently amended) The method of claim 41. including sending the coil current 
through the center tap and through the first and second coils in parallel using the integrated error 
current in response to a retract operation 38. wh e r e in said amplifying st e p compris e s amplifying 
said coil curr e nt with a curr e nt s e n se amplifi e r . 

44. (currently amended) In a disk drive that includes a head, a disk, a microprocessor, a 
driver and a voice coil motor, wherein the head reads from and writes to the disk, the 
microprocessor provides a command current to the driver, the driver provides a coil current to 
the voice coil motor in response to the command current, the voice coil motor radially positions 

5 the head relative to the disk in response to the coil current, the coil current flows through a coil in 
the voice coil motor, the coil includes first and second coils and a center tap, and the first and 
second coils are coupled to one another at the center tap, the driver comprising: 
a sensor resistor that provides a sense voltage by sensing the coil current; 
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a transconductance amplifier that provides a sense current in response to the sense 
10 voltage; 

a comparator that provides an error current by determining a difference between the 
command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current 
using a capacitor; 

15 first and second amplifiers that provide the coil current by amplifying the integrated error 

current in response to a track following operation, wherein the first amplifier is coupled to the 
first coil the second amplifier is coupled to the second coil the first amplifier is coupled to the 
second coil and the center tap through the first coil, and the second amplifier is coupled to the 
first coil and the center tap through the second coil; and 

20 first and second transistors that provide the coil current independently of the integrated 

error current in response to first and second seek operations, wherein the first and second 
transistors are coupled to the center tap and coupled to the first and second coils through the 
center tap A curr e nt control d e vic e within a driver for controlling a voic e coil motor to s ee k a 
track on a storag e m e dia, comprising: 

25 a coil curr e nt suppli e d to said voic e coil motor along a cent e r tap coupl e d to said driv e r; 

rtfi /-I 

tlllvl 

a comparator to shape a wav e form of a specified oommand current in accordanc e with a 

waveform of said coil current, wh e r e in said command current driv e s a bipolar switch coupl e d to 
said c e nter tap . 
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45. (currently amended) The driver ourront control dovio e of claim 44. wherein the first 
and second amplifiers operate as a class AB amplifier and send the coil current through the first 
and second coils in series, the first and second transistors are turned off and the center tap floats 
in response to the track following operatio n furth e r comprising a current s e ns e amplifi e r to d e t e ct 

5 said coil current within said voic e coil motor . 

46. (currently amended) The driver curr e nt control d e vic e of claim 44, wherein the first 
transistor sends the coil current through the center tap in a first direction and the first and second 
amplifiers and the second transistor are turned off in response to the first seek operation that 
moves the head across the disk in a first radial direction, and the second transistor sends the coil 
current through the center tap in a second direction opposite the first direction and the first and 
second amplifiers and the first transistor are turned off are turned off in response to the second 
seek operation that moves the head across the disk in a second radial direction opposite the first 
radial direction furth e r comprising a sot of transistors coupl e d to said bipolar switch and said 
cent e r tap, wh e rein said s e t of transistors ar e turn e d on and off to supply curr e nt to said c e nter 

47. (currently amended) The driver curr e nt control d e vic e of claim 44, wherein the first 
amplifier is coupled to the first coil by a first terminal, the second amplifier is coupled to the 
second coil by a second terminal, the first and second transistors are coupled to the center tap by 
a third terminal, and an interface between the driver and the voice coil motor consists of the first, 

5 second and third terminals said cent e r tap suppli e s a first coil motor curr e nt and a s e cond coil 
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motor curr e nt to a first coil motor and a second coil motor within said voice coil motor, such that 
coil current is about e qual to th e sum of said first coil curr e nt and said s e cond coil curr e nt . 

48. (currently amended) In a disk drive that includes a head, a disk, a microprocessor, a 
driver and a voice coil motor, wherein the head reads from and writes to the disk, the 
microprocessor provides a command current to the driver, the driver provides a coil current to 
the voice coil motor in response to the command current, the voice coil motor radially positions 
5 the head relative to the disk in response to the coil current, the coil current flows through a coil in 
the voice coil motor, the coil includes first and second coils and a center tap, and the first and 
second coils are coupled to one another at the center tap, the driver comprising: 

a sensor that provides a sense current by sensing the coil current; 

a comparator that provides an error current by determining a difference between the 
10 command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current; 

first and second amplifiers that provide the coil current by amplifying the integrated error 
current in response to a track following operation, wherein the first amplifier is coupled to the 
first coil, the second amplifier is coupled to the second coil, the first amplifier is coupled to the 
15 second coil and the center tap through the first coil, and the second amplifier is coupled to the 
first coil and the center tap through the second coil: and 

first and second transistors coupled to the center tap and coupled to the first and second 
coils through the center tap that provide the coil current independently of the integrated error 
current in response to first and second seek operations, wherein the first and second amplifiers 
20 operate as a class AB amplifier and send the coil current through the first and second coils in 
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series, the first and second transistors are turned off and the center tap floats in response to the 
track following operation, the first transistor sends the coil current through the center tap in a 
first direction and through the first and second coils in parallel to divide the coil current between 
the first and second coils and the first and second amplifiers and the second transistor are turned 

25 off in response to the first seek operation that moves the head across the disk in a first radial 
direction, and the second transistor sends the coil current through the center tap in a second 
direction opposite the first direction and through the first and second coils in parallel to divide 
the coil current between the first and second coils and the first and second amplifiers and the first 
transistor are turned off in response to the second seek operation that moves the head across the 

30 disk in a second radial direction opposite the first radial directio n A driv e r having a curr e nt 
control d e vic e for controlling a voice coil motor during a seek mode, comprising: 

a curr e nt sense amplifier to d e tect a coil current within said voic e coil motor, wh e rein 

said coil current is suppli e d by a center tap coupl e d to said driv e r and said voic e coil motor; 
a curr e nt command to sp e cify a command current having a wav e form; 

35 a comparator coupl e d to said current s e nse amplifi e r to r e c e iv e said current command and 

shap e said command current wav e form according to a wav e form of said coil curr e nt; 

a bipolar switch coupl e d to said comparator to turn on and off a s e t of transistors to 

supply said command current to said c e nt e r tap . 

49. (currently amended) The driver of claim 48, wherein the first transistor is turned on 
and off using pulse width modulation that is active while the coil current is less than a threshold 
based on the command current and is inactive for a predetermined time period in response to the 
first seek operation, and the second transistor is turned on and off using pulse width modulation 
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5 that is active while the coil current is less than the threshold and is inactive based for the 


predetermined time period in response to the second seek operatio n said s e t of transistors 
compris e s dynamic MOS transistors . 

50. (currently amended) In a disk drive that includes a head, a disk, a microprocessor, a 
driver, a voice coil motor and a ramp, wherein the head reads from and writes to the disk, the 
microprocessor provides a command current to the driver, the driver provides a coil current to 
the voice coil motor in response to the command current, the voice coil motor radially positions 
5 the head relative to the disk in response to the coil current during a track following operation and 
retracts the head from the disk and loads the head on the ramp in response to the coil current 
during a retract operation, and the coil current flows through a coil in the voice coil motor, the 
driver comprising: 

a sensor that provides a sense current sensing the coil current; 
10 a comparator that provides an error current by determining a difference between the 

command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current; 

an amplifier that provides the coil current by amplifying the integrated error current in 
response to the track following operation; and 
15 a transistor that provides the coil current based on the integrated error current in response 
to the retract operatio nA driver for controlling a voice coil motor during a retract mode, said 
voic e coil motor having a first coil motor and s e cond coil motor, comprising: 
a s e n s or to sens e a velocity voltag e across said s e cond coil motor; 
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an e rror amplifi e r to calculat e a differential betw ee n said v e locity voltago and a command 

voltag e ; and 

a r e tract amplifier to comp e nsate said command voltag e with said differential . 


51. (currently amended) The driver of claim 50, wherein the sensor includes a sense 
resistor that provides a sense voltage in response to the coil current and a transconductance 
amplifier that provides the sense current in response to the sense voltag e furthor comprising a 
diff e r e ntial amplifi e r coupl e d to said e rror amplifi e r, wh e r e in said diff e r e ntial amplifier d e t e cts 

5 said v e locity voltag e across said sensor . 

52. (currently amended) The driver of claim 50, wherein the integrator includes a 
capacito r said retract amplifier is coupled to said comp e nsator, wh e rein said r e tract amplifi e r 
drives said first coil motor at said command voltag e. 

53. (currently amended) The driver of claim 50, wherein the coil includes first and second 
coils and a center tap, the amplifier includes first and second amplifiers, the first amplifier is 
coupled to the first coil the second amplifier is coupled to the second coil the first amplifier is 
coupled to the second coil and the center tap through the first coil and the second amplifier is 

5 coupled to the first coil and the center tap through the second coil 52, wh e r e in said r e tract 

amplifi e r r e c e ives said command voltag e from said comp e nsator, and supplies a curr e nt to said 
first coil motor . 
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54. (currently amended) The driver of claim 53, wherein the transistor is coupled to the 
center tap and is coupled to the first and second coils through the center tap 52, furth e r 
comprising a sot of transistors coupled to said r e tract amplifi e r . 

55. (currently amended) The driver of claim 54. wherein the first amplifier is coupled to 
the first coil by a first terminal the second amplifier is coupled to the second coil by a second 
terminal the transistor is coupled to the center tap by a third terminal and an interface between 
the driver and the voice coil motor consists of the first, second and third terminals 50, wh e r e in 

5 said first coil motor compris e s coil windings . 


56. (currently amended) The driver of claim 50, wherein the amplifier provides the coil 
current independently of the transistor during the track following operation, and the transistor 
provides the coil current independently of the amplifier during the retract operation said s e cond 
coil motor compris e s coil windings . 

57. (currently amended) The driver of claim 50, wherein the transistor provides the coil 
current independently of the comparator and the integrator during a seek operation said r e tract 
amplifi e r is turn e d on and off . 

58. (currently amended) A method for controlling a voice coil motor in the disk drive, 
wherein the disk drive includes a head, a disk, a ramp and the voice coil motor, the head reads 
from and writes to the disk, the voice coil motor radially maintains the head relative to the disk 
in response to a coil current during a track following operation, the voice coil motor radially 
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5 moves the head relative to the disk in response to the coil current during a seek operation, the 
voice coil motor retracts the head from the disk and loads the head on the ramp in response to the 
coil current during a retract operation, and the coil current flows through a coil in the voice coil 
motor, the method comprising: 

providing a command current that controls the voice coil motor; 
10 sensing the coil current to provide a sense current; 

comparing the command current and the sense current to provide an error current as a 
difference between the command current and the sense current; 

integrating the error current to provide an integrated error current; 
providing the coil current using the integrated error current in response to the track 
15 following operation; 

providing the coil current using the integrated current in response to the retract operation; 

and 

providing the coil current without using the integrated error current in response to the 
seek operatio nA m e thod for controlling a voic e coil motor having a first coil motor and a s e cond 
20 coil motor with a driv e r during a retract mod e , comprising: 

d e t e cting a v e locity voltag e with said s e cond coil motor; 

d e t e rmining a diff e r e ntial voltag e b e tw ee n said v e locity voltag e and a command voltag e ; 

rut/4 
tulu 

comp e nsating said command voltag e with said differential voltag e. 
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59. (currently amended) The method of claim 58, including sensing the coil current to 
provide a sense voltage and converting the sense voltage into the sense curren tw horein said 
detecting st e p includ e s using a differential amplifier coupl e d to said socond coil motor . 

60. (currently amended) The method of claim 58, including integrating the error current 
using a capacito r furth e r comprising applying a current corr e lating to said command voltag e to 
said first coil motor . 

61. (currently amended) The method of claim 58. including performing the track 
following and seek operations in response to a servo operatio n wh e r e in said comp e nsating st e p 
includes using a r e tract amplifi e r coupl e d to said voic e coil motor . 

62. (currently amended) The method of claim 58. including performing the retract 
operation in response to powering down the disk drive 6L furth e r comprising saturating a s e t of 
transistors to supply a curr e nt from said r e tract amplifier to said voice coil motor . 

63-101. (cancelled) 

102. (new) In a disk drive that includes a head, a disk, a microprocessor, a driver and a 
voice coil motor, wherein the head reads from and writes to the disk, the microprocessor 
provides a command current to the driver, the driver provides a coil current to the voice coil 
motor in response to the command current, the voice coil motor radially positions the head 
5 relative to the disk in response to the coil current, the coil current flows through a coil in the 


26 


voice coil motor, the coil includes first and second coils and a center tap, and the first and second 
coils are coupled to one another at the center tap, the driver comprising: 

a sensor that provides a sense current by sensing the coil current; 

a comparator that provides an error current by determining a difference between the 
10 command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current; 

an amplifier that provides the coil current through the first and second coils in series 
while the center tap floats by amplifying the integrated error current in response to a track 
following operation; and 

15 a transistor that provides the coil current through the center tap such that the coil current 

is divided between and flows in parallel through the first and second coils in response to a seek 
operation. 

103. (new) The driver of claim 102, wherein the amplifier operates as a class AB 
amplifier during the track following operation. 

104. (new) The driver of claim 102, wherein the transistor operates as a saturated bore 
transistor during the seek operation. 

105. (new) The driver of claim 102, wherein the amplifier is turned off during the seek 
operation. 
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106. (new) The driver of claim 102, wherein the transistor is turned off during the track 
following operation. 

107. (new) The driver of claim 102, wherein the first and second coils provide opposing 
rotational forces in opposite rotational directions during the track following operation. 

108. (new) The driver of claim 102, wherein the first and second coils provide additive 
rotational forces in the same rotational direction during the seek operation. 

109. (new) The driver of claim 102, wherein the coil current is divided between the first 
and second coils during the seek operation such that about one-half the coil current flows 
through the first coil and about one-half the coil current flows through the second coil. 

110. (new) The driver of claim 102, wherein the transistor provides the coil current 
without using the integrated error current in response to the seek operation, and the transistor 
provides the coil current using the integrated error current in response to a retract operation. 

111. (new) The driver of claim 102, wherein the amplifier is coupled to the first coil by a 
first terminal, the amplifier is coupled to the second coil by a second terminal, the transistor is 
coupled to the center tap by a third terminal, and an interface between the driver and the voice 
coil motor consists of the first, second and third terminals. 
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1 12. (new) In a disk drive that includes a head, a disk, a microprocessor, a driver and a 
voice coil motor, wherein the head reads from and writes to the disk, the microprocessor 
provides a command current to the driver, the driver provides a coil current to the voice coil 
motor in response to the command current, the voice coil motor radially positions the head 

5 relative to the disk in response to the coil current, the coil current flows through a coil in the 

voice coil motor, the coil includes first and second coils and a center tap, and the first and second 
coils are coupled to one another at the center tap, the driver comprising: 

a sensor resistor that provides a sense voltage by sensing the coil current; 
a transconductance amplifier that provides a sense current in response to the sense 
10 voltage; 

a comparator that provides an error current by determining a difference between the 
command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current 
using a capacitor; 

15 an amplifier that provides the coil current through the first and second coils in series 

while the center tap floats by amplifying the integrated error current in response to a track 
following operation; and 

a transistor that provides the coil current through the center tap such that the coil current 
is divided between and flows in parallel through the first and second coils in response to a seek 

20 operation. 

113. (new) The driver of claim 112, wherein the amplifier operates as a class AB 
amplifier during the track following operation. 
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114. (new) The driver of claim 112, wherein the transistor operates as a saturated bore 
transistor during the seek operation. 

115. (new) The driver of claim 112, wherein the amplifier is turned off during the seek 
operation. 

1 16. (new) The driver of claim 1 12, wherein the transistor is turned off during the track 
following operation. 

117. (new) The driver of claim 1 12, wherein the coils provide opposing rotational forces 
in opposite rotational directions during the track following operation. 

118. (new) The driver of claim 1 12, wherein the coils provide additive rotational forces in 
the same rotational direction during the seek operation. 

1 19. (new) The driver of claim 1 12, wherein the coil current is divided between the first 
and second coils during the seek operation such that about one-half the coil current flows 
through the first coil and about one-half the coil current flows through the second coil. 

120. (new) The driver of claim 1 12, wherein the transistor provides the coil current 
without using the integrated error current in response to the seek operation, and the transistor 
provides the coil current using the integrated error current in response to a retract operation. 
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121 . (new) The driver of claim 1 12, wherein the amplifier is coupled to the first coil by a 
first terminal, the amplifier is coupled to the second coil by a second terminal, the transistor is 
coupled to the center tap by a third terminal, and an interface between the driver and the voice 
coil motor consists of the first, second and third terminals. 

122. (new) In a disk drive that includes a head, a disk, a microprocessor, a driver and a 
voice coil motor, wherein the head reads from and writes to the disk, the microprocessor 
provides a command current to the driver, the driver provides a coil current to the voice coil 
motor in response to the command current, the voice coil motor radially positions the head 
relative to the disk in response to the coil current, the coil current flows through a coil in the 
voice coil motor, the coil includes first and second coils and a center tap, and the first and second 
coils are coupled to one another at the center tap, the driver comprising: 

a sensor that provides a sense current by sensing the coil current; 

a comparator that provides an error current by determining a difference between the 
command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current; 

an amplifier that provides the coil current through the first and second coils in series 
while the center tap floats by amplifying the integrated error current in response to a track 
following operation, wherein the amplifier includes first and second amplifiers, the first amplifier 
is coupled to the first coil, the second amplifier is coupled to the second coil, the first amplifier is 
coupled to the second coil and the center tap through the first coil, and the second amplifier is 
coupled to the first coil and the center tap through the second coil; and 
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a transistor that provides the coil current through the center tap independently of the 
comparator and the integrator such that the coil current is divided between and flows in parallel 
through the first and second coils in response to a seek operation. 

123. (new) The driver of claim 122, wherein the amplifier operates as a class AB 
amplifier during the track following operation and is turned off during the seek operation, and 
the transistor operates as a saturated bore transistor during the seek operation and is turned off 
during the track following operation. 

124. (new) The driver of claim 122, wherein the coils provide opposing rotational forces 
in opposite rotational directions during the track following operation and provide additive 
rotational forces in the same rotational direction during the seek operation. 

125. (new) The driver of claim 122, wherein the transistor provides the coil current using 
the integrated error current in response to a retract operation in which the head is retracted from 
the disk and loaded on a ramp. 

126. (new) The driver of claim 122, wherein the first amplifier is coupled to the first coil 
by a first terminal, the second amplifier is coupled to the second coil by a second terminal, the 
transistor is coupled to the center tap by a third terminal, and an interface between the driver and 
the voice coil motor consists of the first, second and third terminals. 
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127. (new) In a disk drive that includes a head, a disk, a microprocessor, a driver and a 
voice coil motor, wherein the head reads from and writes to the disk, the microprocessor 
provides a command current to the driver, the driver provides a coil current to the voice coil 
motor in response to the command current, the voice coil motor radially positions the head 
5 relative to the disk in response to the coil current, the coil current flows through a coil in the 
voice coil motor, the coil includes first and second coils and a center tap, and the first and second 
coils are coupled to one another at the center tap, the driver comprising: 

a sensor resistor that provides a sense voltage by sensing the coil current; 

a transconductance amplifier that provides a sense current in response to the sense 
10 voltage; 

a comparator that provides an error current by determining a difference between the 
command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current 
using a capacitor; 

15 an amplifier that provides the coil current through the first and second coils in series 

while the center tap floats by amplifying the integrated error current in response to a track 
following operation, wherein the amplifier includes first and second amplifiers, the first amplifier 
is coupled to the first coil, the second amplifier is coupled to the second coil, the first amplifier is 
coupled to the second coil and the center tap through the first coil, and the second amplifier is 

20 coupled to the first coil and the center tap through the second coil; and 

a transistor that provides the coil current through the center tap independently of the 
comparator and the integrator such that the coil current is divided between and flows in parallel 
through the first and second coils in response to a seek operation. 
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128. (new) The driver of claim 127, wherein the amplifier operates as a class AB 
amplifier during the track following operation and is turned off during the seek operation, and 
the transistor operates as a saturated bore transistor during the seek operation and is turned off 
during the track following operation. 

129. (new) The driver of claim 127, wherein the coils provide opposing rotational forces 
in opposite rotational directions during the track following operation and provide additive 
rotational forces in the same rotational direction during the seek operation. 

130. (new) The driver of claim 127, wherein the transistor provides the coil current using 
the integrated error current in response to a retract operation in which the head is retracted from 
the disk and loaded on a ramp. 

131. (new) The driver of claim 127, wherein the first amplifier is coupled to the first coil 
by a first terminal, the second amplifier is coupled to the second coil by a second terminal, the 
transistor is coupled to the center tap by a third terminal, and an interface between the driver and 
the voice coil motor consists of the first, second and third terminals. 

132. (new) In a disk drive that includes a head, a disk, a microprocessor, a driver and a 
voice coil motor, wherein the head reads from and writes to the disk, the microprocessor 
provides a command current to the driver, the driver provides a coil current to the voice coil 
motor in response to the command current, the voice coil motor radially positions the head 

5 relative to the disk in response to the coil current, the coil current flows through a coil in the 
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voice coil motor, the coil includes first and second coils and a center tap, and the first and second 
coils are coupled to one another at the center tap, the driver comprising: 

a sensor that provides a sense current by sensing the coil current; 

a comparator that provides an error current by determining a difference between the 
10 command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current; 

an amplifier that provides the coil current through the first and second coils in series 
while the center tap floats by amplifying the integrated error current in response to a track 
following operation, wherein the amplifier includes first and second amplifiers, the first amplifier 
15 is coupled to the first coil, the second amplifier is coupled to the second coil, the first amplifier is 
coupled to the second coil and the center tap through the first coil, and the second amplifier is 
coupled to the first coil and the center tap through the second coil; and 

a transistor that provides the coil current through the center tap independently of the 
comparator and the integrator such that the coil current is divided between and flows in parallel 
20 through the first and second coils in response to a seek operation; 

wherein the driver includes an integrated circuit chip, and the comparator, the amplifier 
and the transistor are internal to the chip. 

133. (new) The driver of claim 132, wherein the amplifier operates as a class AB 
amplifier during the track following operation and is turned off during the seek operation, and 
the transistor operates as a saturated bore transistor during the seek operation and is turned off 
during the track following operation. 
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134. (new) The driver of claim 132, wherein the coils provide opposing rotational forces 
in opposite rotational directions during the track following operation and provide additive 
rotational forces in the same rotational direction during the seek operation. 

135. (new) The driver of claim 132, wherein the transistor provides the coil current using 
the integrated error current in response to a retract operation in which the head is retracted from 
the disk and loaded on a ramp. 

136. (new) The driver of claim 132, wherein the first amplifier is coupled to the first coil 
by a first terminal, the second amplifier is coupled to the second coil by a second terminal, the 
transistor is coupled to the center tap by a third terminal, and an interface between the driver and 
the voice coil motor consists of the first, second and third terminals. 

137. (new) In a disk drive that includes a head, a disk, a microprocessor, a driver and a 
voice coil motor, wherein the head reads from and writes to the disk, the microprocessor 
provides a command current to the driver, the driver provides a coil current to the voice coil 
motor in response to the command current, the voice coil motor radially positions the head 

5 relative to the disk in response to the coil current, the coil current flows through a coil in the 

voice coil motor, the coil includes first and second coils and a center tap, and the first and second 
coils are coupled to one another at the center tap, the driver comprising: 

a sensor resistor that provides a sense voltage by sensing the coil current; 
a transconductance amplifier that provides a sense current in response to the sense 
10 voltage; 
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a comparator that provides an error current by determining a difference between the 
command current and the sense current; 

an integrator that provides an integrated error current by integrating the error current 
using a capacitor; 

1 5 an amplifier that provides the coil current through the first and second coils in series 

while the center tap floats by amplifying the integrated error current in response to a track 
following operation, wherein the amplifier includes first and second amplifiers, the first amplifier 
is coupled to the first coil, the second amplifier is coupled to the second coil, the first amplifier is 
coupled to the second coil and the center tap through the first coil, and the second amplifier is 

20 coupled to the first coil and the center tap through the second coil; and 

a transistor that provides the coil current through the center tap independently of the 
comparator and the integrator such that the coil current is divided between and flows in parallel 
through the first and second coils in response to a seek operation; 

wherein the driver includes an integrated circuit chip, the transconductance amplifier, the 

25 comparator, the amplifier and the transistor are internal to the chip and the sense resistor and the 
capacitor are external to the chip. 

138. (new) The driver of claim 137, wherein the amplifier operates as a class AB 
amplifier during the track following operation and is turned off during the seek operation, and 
the transistor operates as a saturated bore transistor during the seek operation and is turned off 
during the track following operation. 
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139. (new) The driver of claim 137, wherein the coils provide opposing rotational forces 
in opposite rotational directions during the track following operation and provide additive 
rotational forces in the same rotational direction during the seek operation. 

140. (new) The driver of claim 137, wherein the transistor provides the coil current using 
the integrated error current in response to a retract operation in which the head is retracted from 
the disk and loaded on a ramp. 

141. (new) The driver of claim 137, wherein the first amplifier is coupled to the first coil 
by a first terminal, the second amplifier is coupled to the second coil by a second terminal, the 
transistor is coupled to the center tap by a third terminal, and an interface between the driver and 
the voice coil motor consists of the first, second and third terminals. 
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